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DIGITAL CROSS CONNECT AND ADDflDROP MULTIPLEXING DEVICE FOR SDH OR SONET SIGNALS 



The present invention concerns a multiplexing device for providing a digital cross con- 
nect and add/drop functionality to a SONET and/or SDH compliant signal interconnec- 
5 tion device. The invention more particularly relates to a modular, non-blocking, 

expandable, digital interconnection system capable of cross-connecting lower-rate sig- 
nals (tributaries), where these signals are components of higher rate signals, or may ter- 
minate on low speed lines (local ports). It even more specifically concerns a 
multiplexing device for a SONET/SDH interconnection circuit employing like modules 
10 arranged in parallel, with the number of modules depending on the transmission speed 
of the SONET/SDH links served. 



The American National Standards Institute has recently established a new basic stan- 
dard for high-speed, multiplexed digital data transmission. This is the "synchronous op- 
15 tical network" standard, henceforth referred to as SONET. The SONET standard 
specifies optical interfaces, data rates, operation procedures and frame structures for 
multiplexed digital transmission via fiber optic networks. 

The, International Telecommunications Union (ITU) has adopted the interface princi- 
ples of SONET and recommended a new global transmission standard for high-speed 
20 digital data transmission, This standard is. the "synchronous digital hierarchy" (SDH). 



DESCRIPTION 



BACKGROUND OF THE INVENTION 



For an account of the SDH standard on the "General Aspects of Digital Transmission 
Systems", reference is made to the ITU standards documents G.707 (Synchronous " 
Digital Hierarchy Bit Rates), G.708 (Network Node Interface for the Synchronous ■ 



WO 98/26531 



2 



PCT/EB96/01418 



Digital Hierarchy), G.709 (Synchronous Multiplexing Structure), G.782 (Types and 
General Characteristics of Synchronous Digital Hierarchy (SDH) Equipment), and 
G.783 (Characteristics of Synchronous Digital Hierarchy (SDH) Equipment Functional 
Blocks), all issued March 1993. F 

5 The SDH standard is designed to enable manufacturers to develop telecommunications 
equipment which: 

a) will be interchangeable in all telecommunication networks built around the world to 
its standard; and which 

b) is backwards compatible, i.e. can be used with data which is in the older telecommu- 
10 nications formatsused in North America, Europe arid Japan. 

This is achieved by a hierarchy of so-called "Containers" (C) and "Virtual Contain- 
ers" (VC), see Fig. 1. The containers, e.g. C-4, C-3, C-12, etc., are information struc- 
tures designed to accommodate data traffic with specific transmission rates. The C-4 
container carries traffic with a base rate of up to 139 264 kbit/s, C-3 carries either up 

15 to 44 736 or 34 368 kbit/s, etc. The containers are turned into virtual containers by 
adding "Path Overhead" information (POH) to it. By procedures defined as multiplex- 
ing, mapping, or aligning, data structures are generated which are constitutive to the 
SDH. These data structures are named "Administrative Unit Groups" (AUG) and "Syn- 
chronous Transport Module" (STM). The label of an STM is defined by the number of 

20 AUGs it carries: a STM-4 contains for example four- AUGs: An r AUG contains either 
one "Administration Unit" (AU) of type 4 or three AU-3. Referring to the simplest 
case, in turn one AU-4 contains one C-4 signal and one AU-3 carries one C-3 signal. 

The SDH/SONET data frames, i.e., the STM-N signals, are 125 msec long. The : 
amount of data transmitted in each frame depends on the hierarchy level N of the sig- 
25 nal. The higher hierarchical levels are transmitted at higher data rates than the basic 
STM-1 level of approximately 155 Mbit/s. (The exact transmission rate is defined as 
155.52 Mbit/s. However here and in the following transmission rates are often denoted 
by their approximate values. This in particular due to the fact that the exact data 
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transmission rates are distorted by overhead data traffic and idle cell stuffing.) The inte- 
ger N indicates how many times faster the data is transmitted than in the STM-1 level. 
For example STM-4 denotes a data transmission rate of 622 Mbit/s, whereby each data 
frame contains four times as many bytes as does a frame of STM-1. Currently, the 
5 highest defined level is STM-64 which has a data rate of 9.95Gb/s. Clearly, each part 
of the STM-N signal is broadcast in the same time as the corresponding part of an 
STM-1 signal, but contains N times as many bytes. 

The STM-1 signal, as shown in Fig. 2, contains an information rectangle of 9 rows 
with 270 bytes/row corresponding to a SONET/SDH data rate of 155.52 Mbit/s. The 

1 0 first 9 bytes/row represent the "Section Overhead" , henceforth SOH. The remaining 
261 bytes/row are reserved for the VCs, which in FIG. 1 is a VC-4. The first column of 
a VC-4 container consists of the. "Path Overhead" (POH). The rest is occupied by the 
payload (a C-4 signal). Several VCs can be concatenated to provide a single. transmis- 
sion channel with a corresponding bandwidth. For example, four VC-4 in a STM-4 sig- 

15 nal can be concatenated to form a single data channel with approximately 600 Mbit/s 
capacity: in this case the four VG are referred to in the standard terminology as 
VC-4-4c and the signal as STM-4c. 

This flexibility, of the SDH standard is partly due to the pointer concept. In SDH, the 
frames are synchronized, but the VCs within them are not locked, to the frames. So the 

20 individual containers of the SDH signals do not have to be frame aligned or synchro- : 
nized among each other. A "pointer" is provided in the Section Overhead which indi- 
cates the position of the ab.oye introduced POH, i.e. the start of a virtual container in 
the SDH frame. The POH can thus be flexibly positioned at any position in the frame. 
The multiplexing of information into higher order SDH frames beconies simpler than in 

25 the old data standards, and an expensive synchronization buffer is not required in SDH. 
Similarly, lower order signals can be extracted out of and inserted into the higher order . 
SDH signals without the need to demultiplex the.entire signal hierarchy. The pointers 
are stored in the fourth row of the Section Overhead. '..."".«; ■ 
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The Section Overhead is further subdivided into: y 
L The "Regenerator Section Overhead" or RSOH. This contains bytes of information 
which are used by repeater stations along the route traversed by the SONET/SDH Sig- 
nal. The Regenerator Section Overhead occupies rows 1-3 of the Section Overhead. 

5 II. The "Multiplexer Section Overhead" or MSOH. This contains bytes of information 
used by the multiplexers along the SONET/SDH signal's route. The Multiplexer Sec- 
tion Overhead occupies rows 5-9 of the Section Overhead. These sections are assem- 
bled and dissembled at different stages during the transmission process. Fig. 2 also 
shows an exploded view of the MSOH. 

10 In the SONET system, a base signal of 5 1.84 Mbit/s is used. It is called the Synchro- 
nous Transport Signal level 1, henceforth STS-1. This has an information rectangle of 
9 rows with 90 bytes/row. The first three bytes/row are the section overhead and the 
remaining 87 bytes/row are the "Synchronous Payload Envelope", henceforth SPE. ' 
Three.of these SPEs fit exactly into one Virtual Container-4. Thus signals in the STS-1 

15 signal format can be mapped into an STM-1 frame. Furthermore, frame-aligned STS-1 
or STM-1 signals can be multiplexed into higher order STM-N frames. 

In general, any lower data rate signal which is combined with other such signals into 
new data frames of higher rate is referred to as a "tributary" signal. For example in the 
previous paragraph, the three STS-1 signals which are combined into one STM-1 sig- 
20 nal are tributary signals. . , 

* ' ■ * • * ' ■ * 

Digital Cross-Connect (DCC) functionality provides the possibility of rearranging the 
temporal (in case of a serial high-rate signal) or the spatial (in case of a demultiplexed 
high-rate signal) order of the low-rate signals or tributaries within the high-rate signal. 

Add/Drop functionality allows to extract and/or replace one or more tributary signals 
25 from the high-rate signal. It is also known as Drop/Insert functionality. 



* 
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A modular, expandable, non-blocking system for cross-connecting high speed digital 
signals of the SONET is described forexample in the US patents US-A 4 967 405 and 

5 040 170. The known system includes a SONET bus interface, a virtual tributary 
5 cross-connect module which cross-connects virtual tributary payloads in space, time, 
and phase to generate new SONET formatted signals. 

Another approach to DCC for SDH signals is described in European patent application 
EP-A 0 552 694, albeit on a very high level of abstraction. 

Common to both known methods is that the incoming high-rate data signal is demulti- 
10 plexed down to the desired signal hierarchy , processed (i.e. descrambled* stripped of 
overhead information, etc.), and after processing received by a (non-blocking) switch- 
ing network which redirects the incoming signals to arbitrary output lines. Those out- 
put signals undergo essential the reverse processing to be multiplexed into the new 
outgoing high-rate signal. In other words, the mesh or switching network used to rear- 
1 5 range the tributaries is placed in between the disassembling (receive process) and the 
assembling (transmit process). 



It is an object of this invention to provide a structure for a SONET/SDH interconnec- 
tion system which allows efficient handling of tributary signals transferred in higher- 
20 speed signals by blocks of multiple processing modules combined on a chip. It is a fur- 
ther object to provide such.SONET/SDH signal handling structure which permits 
cross-connect and add/drop, functionality in a flexible manner in such multi-module, ar- 
rangements. It is a further object to enable such cross-connect and add/drop functions 
without completely demultiplexing or disassembling frames. * ' • > 



OBJECTS OF THE INVENTION 
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SUMMARY OF THE INVENTION 5 

The objects of the invention are achieved by a system as set forth by the appended 
claims. The new cross-connect system in its basic variant may be characterized as an 
essentially parallel arrangement of a plurality of like data processing modules which are 
5 capable of processing a part of the high-speed signal, e.g. one tributary or the base sig- 
nal of a hierarchically ordered signal format (such as the STM-1 signal for SDH) in 
connection with a configurable multiplexer/demultiplexer (MUX/DEMUX). The 
MUX/DEMUX can be programmed such as to direct a preselected part of the incom- 
ing high speed signal to each of the modules, and vice versa. 

1 0 Designing a controllable MUX/DEMUX system is in principle a not too difficult task 
for a skilled person. However, such MUX/DEMUX systems have not been applied to 
data communication based on signals with a complex and interrelated structure as for 
example the SONET/SDH signals. These signals do not appear as an "amorphous" 
string of bits or bytes, but are organized as frames which include other formatted data 

15 signals as payloads, and which have check or control bytes covering the whole frame or 
at least the complete payload of it. It is hence immediately obvious that the seemingly 
trivial object of designing a suitable MUX/DEMUX under these circumstances be- 
comes a very complex task, which lead the known solutions to resort to a scheme in 
which multiplexing is performed in a fixed, unchangeable manner with the cross- 
20 connect following at a stage where the high-speed signal has been already disassembled 
into its lower hierarchy signals or tributaries (see above). 
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The MUX/DEMUX must therefore be seen in connection with the data processing 
modules, each of which can operate virtually independently from the others, depending 
only on the configuration data provided externally. Such data modules for 
25 SONET/SDH traffic are described in the international application PCT/EP95/01426 
(IBM Docket SZ-9-94-017), filed on 15 April 1995 and assigned to the assigned 
hereof. \ 
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In one embodiment of the invention, the MUX/DEMUX comprises at least two differ- 
ent stages with each stage representing the next lower level of the signal hierarchy (be- 
ing for example characterized by the speed of the data transmission). Though it is in 
principle possible to configure a single stage MUX/DEMUX system which reduces the 
5 transmission speed in a single stage down the "basic" speed of the data processing 
. module, this is not desirable as the costs and availability of high speed components do 
not scale linearly. With the disclosed multi-stage design, most of the equipment oper- 
ates in the low speed environment. 

In a preferred embodiment, the MUX/DEMUX system comprises a cascaded pipeline 
10 providing each of the modules or each of the MUX/DEMUXs of the subsequent stage 
with the preselected data. 

These and other novel features considered characteristic of the invention are set forth 
in the appended claims. The invention itself however, as well as a preferred mode of 
use, and further objects and advantages thereof, will best be understood by reference to 
15 the following detailed description of illustrative embodiments when read in conjunction 
with the accompanying drawings. 



The invention is described in detail below with reference, to the following drawings: 

Fig. I ; , shows an overview oyer the SDH signal hierarchy up to the STM-N 
20 . ;f . ; , signal., r : •* . . . ' t >' 



provisions. . ( : 

Figs. 3 A, 3B show a transmit (Tx) and receive (Rx) version, respectively, of a 
base module for SDH/SONET data traffic. 



DESCRIPTION OF THE DRAWINGS 



Fig. 2 



shows an STM-1 signal with a VC-4 container according to standard 
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Fig. 4 shows the principle of the cooperation of the configurable random-access 

demultiplexer with multi-module chips. 
Fig. 5 is a block diagram of the pipeline solution for the configurable 

multiplexer/demultiplexer with transmit and receive sections of multi- 
5 module chips. 

Fig. 6 > . shows details of the configurable random-access multiplexer for the 

transmit section of one multi-module chip. 
Fig. 7 is a block diagram of a configurable demultiplexer arrangement (Line 
Interface Macro) for a group of multi-module chips, according to the 
10 , invention. ». . .. : ; . ■ \ * ■; 

Fig. 8 shows a digital cross-connect interconnection scheme for the modules on 

multi-module chips with a configurable multiplexer/demultiplexer stage. 
Fig. 9 shows a partial digital crossconnect and partial add-drop interconnection 
scheme for modules on multi-module chips with a configurable random- 
15 access multiplexer/demultiplexer. 



DETAILED DESCRIPTION 

Before describing the configurable multiplexing/demultiplexing section, the data proc- 
essing modules used in the present example are briefly described. : 



The modules shown in figures 3 A and3B have their basic subfunctions indicated by the 
20 various functional blocks on the figure. The "frame delineation" function is required for 
the Rx (Receive) module only. Other subfunction blocks of the Tx (Transmit) and Rx 
modules mirror each other, respectively. Further details of the subfunctions performed 
by the blocks in figure 3A/3B in accordance with the SONET/SDH standard can be 
found in the ITU standard recommendations (G series). These recommendations are 
25 . known to anyone actively .engaged in the relevant technical field and publicly available. 
. Of particular interest is G.707 along with G.782 (already mentioned above). The func- 
tions described in these.standards and the basicsubfunctions* performed by the 
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functional blocks in figures 3 A/3B are common to all SONET/SDH processor systems. 
A detailed description of those features is therefore omitted, except for those features 
which are deemed to be helpful in explaining the (horizontal) information exchange be- 
tween single modules in an arrangement. 

5 Interfaces TO/RO and Tl/Rl are provided for ATM signal handling and are of no fur- 
ther interest here. Interfaces T2 (R2) and T3 (R3) are used to forward the module's in- 
dividually, collected and calculated B3 terms from one module to an adjacent module. 
These interfaces are connected to a switching logic 1 (3), which in the stand-alone 
mode transmits the output of the B3 calculation section to the POH insertion section 
10 (in the Tx module) or to the POH extraction/B3 verification section. In case that sev- 
eral modules are interconnected to an arrangement, the switching logic is 
. a) at the "first" module switched to pass via interface T2 (R2) the output of the B3 cal- 
culation to the next module within the arrangement; 

b) at an intermediate module switched to perform an XOR operation, with one operand 
15 being the output of the internal B3 calculation section and the second operand being 

the input received via the interface T3 (R3), and passing on the result of this XOR op- 
eration via the interface T2 (R2); and 

c) at the last module of an arrangement switched to perform an identical XOR opera- 
tion, however, transmitting the result to, the POH insertion section or to the POH ex- 

20 traction / B3 verification section, respectively. » 

. Likewise, interfaces T4 (R4) and T5 (R5) are used to forward individually collected 
, and calculated B 1 -terms from one module to an adjacent module. These interfaces are 
connected to a switching logic 2 (4). <. , . ? • * 

For the SDH/SONET compliant frame synchronized scrambling section a configurable 
25 pseudo random number (PN) sequence generator is provided. It is an important feature 
of the scrambling sections to be able to generate independently from each other subsets 
of one PN sequence,.e.g. the scrambling sequence as defined in the SDH/SONET Stan- 
dard. Hence, it is possible to configure the frame scrambling section of the module such 
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that in the stand-alone mode the full PN sequence is generated and else, i.e., in an ar- 
rangement of several modules, the appropriate subset of the PN sequence is generated. 
In the STM-4 case specifically, wherein four modules are combined, hence, the frame 
scrambling section of each module generates every fourth byte of the PN sequence. As 
5 a result, a completely scrambled SDH signal frame can be obtained when performing a 
byte-interleaved multiplexing of the outputs of all four modules. It is important to note 
that this result is achieved without exchanging register contents between single mod- 
ules of an arrangement. Hence, no interfaces are provided at this section to other 
modules. 

1 0 The appropriate switching means of the iritra-module functions to support the neces- 
sary interfaces are seen as an additional feature of the modules. The registers of the 
modules are thus able to accept inputs from other Rx or Tx modules than itself. With 
these extensions, the base module can be configured as desired. 

Another feature consists of a synchronization port T6, R6 to exchange system clock 
1 5 and frame synchronization signals between the modules. The synchronization port al- 
lows to choose between several operation modes: if Tx modules and hence a 
SONET/SDH line is available, a clock extraction circuitry provides the bit clock, the 
byte clock and the frame sync signal. These signal are then distributed to all mounted 
Rx modules and their components. The clock extraction circuitry is placed between the 
20 optical-to-electrical signal conversion arid the receiver. The various clock signals, in 
particular the important frame sync signal, can be either distributed in parallel, i.e. si- 
multaneously to each module, or fuhneled through one module of an arrangement, 
which in turn transmits the signal via the synchronization port to the other modules in 
either a parallel (point-to-multipoint) or a cascaded (point-to-point transmission be- 
25 tween adjacent modules) manner. , 

The combination of all these additional features permit the modules to function either 
alone or as part of an assembly of similar modules. The module itself remains standards 
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compliant, it has however been given the capability of "team-working" together with 
other, like modules. , . . 

The module introduced in the preceding paragraphs is generic, i.e. it can be used to de- 
sign any SONET/SDH processor at any standardized SONET/SDH signal level. It is an 
5 important advantage that the clock speed (system, clock) remains the same for all lev- 
els, i.e., 19.44 MHz even for STM-64, signals. : ,; : 

The signal output 5 of the Tx modules 9-T and the signal input 6 of the Rx modules 
9-R, by which the SONET/SDH signals (e.g. STM-1) are transferred out of/into these 
modules, are also designated. as "exterior (module) interfaces" in the following. The 
10 signal input 7 of the Tx module and the signal output 8 of the Rx module, by which 
tributary signals (e.g. 155 ATM UN) are transferred into/out of these modules and 
which can be connected to local ports, are designated as "interior (module) interfaces" 
in the following. 

Basic to the present inventic>n, however, is the configurable multiplexer/demultiplexer, 
1 5 examples of which are jdescribed in the following. . 

In these examples, four of the above described generic modules are cast together into 
one chip die, denoted as STM^4 chip. Four of these. STM-4 chips, operating in parallel, 
process an STM-1 6 signal. The principle arrangement, including the random access (or 
configurable) multiplexer/demultiplexer is shown in Fig.4. Each of the four STM-4 

20 chips. (10-1... 10-4) is connected with its four exterior interfaces 12-1. ..12-4 to the . 
MUX/DEMUX unit 14. Each of these exterior interfaces is coordinated with one (or a 
Tx/Rx pair) of the t basic modules 9 on the respective chip. The SQNET/SDH signals 
transmitted on network lines are transferred out of and into the mux/demux unit. The 
four interior interfaces 16-1... 16-4 of each STM-4 chip carry data (signals) extracted 

25 from, or to be inserted into the SONET/SDH frames. Depending on the interconnec- : 
tions of the interiorinterfac.es either digital, cross-connection or local add/drop func- . 
tions are provided (as will be shown later, cf. Figs. 8/9). Operation of the 
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multiplexer/demulti- plexer unit 14 can be controlled by configuration information pro- 
vided on input 18. 

An important feature of the MUX/DEMUX unit 14 is its configurability, or its ability 
to provide random access transfers between the STM-16 frames and the individual 
5 modules of each chip. The mutiplexer and demultiplexer could be a n: 1 ( 1 :n) crossbar 
switch which is either hard-wired in a configurable unit or which is controlled by a ta- 
ble look-up mechanism, to achieve the required random access functionality. 

However, another and preferred solution for the multiplexer and demultiplexer is a 
pipeline arrangement by which the signals of each STM-16 frame sequentially pass all 
10 the exterior chip interfaces so that the tributary signals can be randomly (but according 
to a predetermined selection) transferred to or from the individual exterior interfaces 



The principle arrangement of such a pipeline multiplexer and demultiplexer in connec- 
tion with a group of STM-4 chips is shown in Fig.5. It should be noted that each chip 

15 has a transmit and receive section, i.e. on each chip eight basic modules are actually 
provided: four transmit modules 9-T as shown in Fig.3A, and four receive modules 
9-R as^shown in Fig.3B. For the receive portion and for the transmit portion of each 
STM-4 chip, a pipeline block, i.e. a registering and multiplexing/demultiplexing cir- 
cuitry is provided, arranged as follows: The SDH RX (receive) signals 'available on line 

20 20 are passed into the pipeline block 22-1 of the first chip; then into the pipeline blbck ; 
of the other chips and finally into the pipeline block 22-4 of the fourth chip. Thus, these 
signals sequentially pass all exterior receive interfaces 12-i-R of all four chips, as these 
interfaces are connected to the pipeline blocks. ' ' * - " 

Similarly, four transmit pipeline blocks 24-1. ..24-4 are connected to the exterior trans- 
25 mit interfaces 12-i-T of the chips and are'interconnected in series so that transmit sig- 
nals from the chips can be inserted into the passing data (signal) stream in random (but 
preselected) sequence and finally are available on SDH TX (transmit) line 26. 



12-i. 
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To achieve random access functionality, i.e. the configurability of the multiplexer/de- 
multiplexer arrangement, control means (28-1. ..28-4 and 30-1. ..30-4) are provided 
with the pipeline blocks, which receive configuration information from a management 
unit (e.g. via a microprocessor) over input 29 so that the configuration can be changed 
5 when required. . ( . S 

Some more details of the pipeline registering and multiplexing arrangement of the 
transmit section of the first chip (10-1-T) are depicted in Fig.6. Signals arriving from 
the preceding chip on lines 26-A pass, through an input retiming buffer 32 (1 byte at a 
; time), a multiplexing circuit 34, and an output retiming buffer 36 to be forwarded on 
10 lines 26-B to the following chip., Signals from the four basic transmit modules of the 
chip on exterior interfaces 12-i-T can be passed through multiplexer circuit 38 into 
multiplexer circuit 34, for further transmission on lines 26-B. 

Each multiplexer (34, 38) has associated gating circuitry (40, 42) which can be con- 
trolled by signals (Gl, G2) from gating signal generation means 44 which receive input 

15 signals from configuration control means 46 and timing means 48. These gating signals 
may have different speeds, e.g. with a ratio of 1 :4. Configuration control means 46 
contain a table, associating data sources (either local signals or tributary signals of in- 
coming frames) with tributary signals in outgoing frames. Those tables are loaded with 
configuration information from systems management over input 50. This allows the 

20 . random but preselected distribution (or rearrangement) of tributary signals in frames. 
Timing means fJ8 receive through input 52 the start-of-frame indication SOF and on in- 
puts 54 the AU pointers of the frame header information, so that they can issue the 
necessary timing signal for each tributary signal; to gating signal generating means 44. 
Thereby, tributary signals can be arbitrarily associated to local ports. 

25 Analogous pipelined multiplexing and demultiplexing arrangements are provided for all 
four of the STM-4 chips, as generally indicated in Fig.5. 
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A block diagram of a demultiplexer arrangement for a group of four STM-4 chips, 
which can handle an STM-16 signal, is shown in Fig.7. An external receiver stage 56 
operating at 2.4 Gbit/s (commercially available circuitry, e.g. a VS802 1/8022 chip set, 
available from VITESSE Semiconductor Corp, Camarillo, CA 93012, USA) provides 
5 clock recovery as well as byte and frame alignment. The four STM-4 chips are inter- 
connected by 9-bit signal paths (8-bit data lines 58 and one start-of-frame signal line 
60), such that a cascaded pipeline is achieved. The data bytes of an SDH frame which 
are output by the 2.4Gbit/s receiver stage 56 are fed into pipeline register/gating cir- 
cuitry 62 of the first STM-4 chip (64-1) on the right of Fig.7 (chip #1) and are clocked 

10 through all the other chips from right to left under control of the byte clock signal on 
line 68. Each STM-4 chip (64-i) as well as each of the four modules (66-i) within each 
chip can access through demultiplexer/gating circuitry 70 exactly those data it must 
process according to its position, e.g., module #1 in chip #1 processes first Al byte of 
an STM-16 frame, module #2 in chip #1 processes the second, A 1 byte of an STM-16 

15 frame and so forth. Configuration control information CC is written into a table of con- 
trol means CTL 72 in each chip via interface 74. 



This pipelining and fetching mechanism operates as a demultiplexer and is described in 
more detail by the following list, which shows the first 46 bytes of an STM-16 frame as 
they are output by the 2.4 Gbit/s receiver stage and fetched by the four chips and their 
20 respective modules. The bytes are numbered according to the nomenclature as given by 
ITU standard recommendation G.708 (see above). 

STM-4 chip #1 ' 
Module #1 #2 #3 #4 

fetches and 
forwards byte 



1,1,1 


1,1,2 " 


1,1,3 


1,1,4 


1,2,1 


1,2,2 


1,2,3 


1,2,4 


1,3,1 


1,3,2 


1,3,3 


1,3,4 
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STM-4 chip #2 
Module #1 #2 #3 #4 



fetches and 1,1,5 1,1,6 1,1,7 1,1,8 
forwards byte 

• 1,2,5 1,2,6 1,2,7 1,2,8 

1,3,5 1,3,6 • 1,3,7 1,3,8 



STM-4 chip #3' . ' - • . 

Module .. #1 . #2 - : • #3' #4^ 



fetches and 
forwards byte 


1,1,9 


. i,i,io 


1,1,11. 


. 1,1,12 




1,2,9 


1,2,10 


1,2,11 


1,2,12 




1,3,9 


1,3,10 


"' 1,3,11 


1,3,12 


STM-4 chip #4 










lodule 


#1 


#2 


#3 


#4 


fetches and 
forwards byte 


1,1,13 


1,1,14 


1,1,15 


1,1,16 




1,2,13 


, 1,2,14 . 


. , 1 ' 2 ' 15 


1,2,16 




1,3,13 


1,3,14 


1,3,15 


etc.. 



Thus, Fig.7 shows the principle structure of the Line Interface Macro (LIM) support- 
5 ing an STM- 16 signal. It contains the pipeline stage 62 with additional logic and the 
section 70 operating as demultiplexer. As already shown in above table, each pipeline 
stage 62 fetches four successive bytes (quadruple) according to the position of the 
STM-4 chip, forwards these bytes to the demultiplexer 70 and lets pass by the next [ 
twelve bytes. The first module (SDH module #1) receives the first byte of a received 
10 quadruple, SDH module #2 receives the second byte and so on. 
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The byte-to-module association given in this table is a default one. Any arbitrary asso- 
ciation can be selected by entering respective configuration control data (CC) into a ta- 
ble of control means CTL 72 via interface 74. 

With reference to Figs.8 and 9, there will be shown in the following how the internal 
5 interfaces (16-i) of the basic modules in all four chips can be interconnected to achieve 
the crossconhect and add/drop functionality in connection with the configurable 
mux/demux arrangement of the invention which was described above. 

As shown in Fig.8, the four receive module (9-R) interior interfaces (16-i-R) are con- 
nected with the four transmit module (9-T) interior interfaces (16-i-T) in a systematic 
10 scheme by connecting lines 76, in the same way in all four chips. This results in a 1 : 1 
transit. Thus, no crossconnect switching is required within in the chips (and the chip 
design is simplified). All the actual switching, or rearrangement of tributary signals 
within frames is achieved by the particular configurable multiplexing/demultiplexing ar- 
rangement as described. 

15 Fig.9 shows an interconnection scheme for the case where add/drop multiplexing is re- 
quired, i.e. insertion of signals from local ports 78-i into STM-16 frames, or extraction 
of tributary signals from STM-16 frames for delivery to local ports. In this case, two of 
the receive module 9-R interior interfaces 16-i-R and two of the transmit module 9-T 
interior interfaces 16-i-T of the first chip 10-1 only are connected to respective local 
20 ports 78-1 through 78-4, whereas the other interconnections among interior interfaces 
are the same as shown in Fig.8. Despite the fixed connection to local ports, tributary 
signals from any selected portion of the STM-16 frames can be dropped to the local 
ports, or can be inserted into any portion of the frames, due to the respective configu- 
ration possibility of the particular multiplexer/demultiplexer arrangement of the inven- 
ts tion. Instead of two local input and output ports, any other number can of course be 
served, by providing the appropriate number of interconnections between interior mod- 
ule interfaces and local ports. 
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It should be noted that .the operations of the configurable, random-access multiplexing 
and demultiplexing arrangement are described above for the stationary status, i.e. when 
no changes in the configuration occur. *■-,-, 

If the association between modules and tributary signals is to be changed, new configu- 
5 ration data have to be loaded into the multi- plexer/demultiplexer control means, and 
only after some transition time (in which test signals have to be sent and monitored) the 
new stationary status (as described in above examples) will be reached. Signal handling 
during transition periods is governed by the existing standard protocols. 
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CLAIMS 

1 . Interconnection apparatus for high-speed signals organized in synchronous frames, 
such as SONET/SDH signals, said high-speed signals including a plurality of low-speed 
data signals as tributary signals, said interconnection apparatus 
5 comprising: ; * * . . , 

a plurality of processing modules (9-T, 9-R; 66-1...66-4) with first interfaces (5, 6; 
12-1... 12-4; 12-i-T, 12-i-R) and second interfaces (7, 8;16-l:.16-4; 16-i-T, 16-i-R), 
for rearranging and/or inserting and/or extracting said tributary signals, and 
- configurable multiplexing/demultiplexing means (14; 34, 38, 40, 42) enabling each 
10 said processing module (66-i) to access any portion of an arbitrarily preselected tribu- 
tary signal in said high-speed signals. 

2. The interconnection apparatus according to claim 1, 

wherein the configurable multiplexing/demultiplexing means (14; 34, 38, 40, 42) in- 
cludes a pipeline arrangement (20, 22-1...22-4; 24-L..24-4, 26; 32, 36; 58, 62, 70) for 
15 sequentially transferring a high-speed signal along the processing modules (66-i) and 
for selectively transferring tributary signals into and out of the first interfaces (12-i) of 
said modules, according to configuration information (29; 50; 74) provided to control 
means (28-1...28-4; 30-U30-4; 46; 72) for said multiplexing/demultiplexing means. 

3. The interconnection apparatus according to claim 1 , ' 

20 wherein predetermined fixed connections (76) are provided among the second inter- 
faces (16-i) of the processing modules (9-T, 9-R; 66-i), whereby, based on this fixed 
interconnection scheme and the'operation of the configurable 

multiplexing/demultiplexing means (14; 24-i, 28-i; 34, 38, 40, 42), any tributary signals 
can be arbitrarily rearranged between synchronous frames arriving on incoming lines 
25 (20) and synchronous frames departing on outgoing lines (26). 



WO 98/26531 
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4. The interconnection apparatus according to claim 1 , 

wherein predetermined fixed connections (76) are provided among the second inter- 
faces (16-i) of the processing modules (9-T, 9-R; 66-i) and also between the second in- 
terfaces of said modules and local ports (78-1. ..78:4), whereby, based on this fixed 
5 interconnection scheme and the operation of said configurable: . ; . ■ . 

multiplexing/demultiplexing means (14; 34, 38, 40, 42), tributary signals can be arbi- 
trarily rearranged .between synchronous frames arriving on incoming lines (20) and syn- 
chronous frames departing on putgoing lines (26) and can be arbitrarily exchanged 
between local ports and arriving or departing synchronous frames. 

10 5. The interconnection apparatus according to claim 1 or 2, 
wherein: 

- the processing modules (9-T, 9-R; 66-i) are arranged in groups on separate chips 
(10-i;64-i),and 

- the configurable multiplexing/demultiplexing means (14) are arranged in a plurality of 
15 cascaded stages, each stage (32.. .42; 62, 70) being associated to one module group on 

a chip. , . ( . ; . 

6. The interconnection apparatus according to claim 5, . 

wherein each group of processing modules (66^i) and an. associated stage (62, 70) of 
the cascaded configurable multiplexing/demultiplexing means are integrated on the 
20 same chip (64-i). : , 

7., The interconnection apparatus according to claim 1 or claim 5, : 
wherein the configurable multiplexing/demultiplexing means (14) are arranged in at 
least two levels (34/40, 38/42; 62, 70) which can operate with different timing (Gl ; 
G2). . . , . . . • . 
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8. Interconnection apparatus according to claim 1 or 2, 
wherein said multiplexing/demultiplexing means comprise: 

- gating means (34, 38, 40, 42) for selectively gating either high-speed signals or tribu- 
tary signals out of and into said synchronous frames, in response to gating control sig- 

5 nals(Gl,G2),and 

- control signal generating means (44) for generating said gating control signals 
(Gl, G2) in response to stored configuration control data (46, 50) and timing signals 
(48,52,54). ]'•: * \ 

9. Interconnection apparatus according to claim 1 or 2, 

1 0 wherein said multiplexing/demultiplexing means comprise for each of said processing 
modules: 

- input and output retiming buffers (32, 36) for incoming and outgoing high-speed 
signals; 

- first multiplexing gating circuitry (34, 40) for transferring either high-speed signals 
15 from an input retiming buffer (32) or tributary signals from local lines (12-i-T) to an 

output retiming buffer; 

- second multiplexing gating circuitry for selectively gating tributary signals from local 
lines (12-i-T) to said first multiplexing gating circuitry; and 

- gating control signal generation means (44) for generating gating control signals 
20 (Gl, G2) for said first and second multiplexing gating circuitry in response to previ- 
ously stored configuration control data (46, 50) and timing signals (48, 52, 54) derived 
from signals in said synchronous frames. 

10. Interconnection apparatus according to claim 1 or 2, 

wherein said processing modules each consist of a transmit portion (9-T) and a receive 
25 portion (9-R), and wherein said configurable multiplexing/demultiplexing means also 
include separate portions for transmit operations (24-i) and for receive operations 
(20-i). 
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